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travail permette aussi de remettre en perspective les singularite´s carte´sienne, huge´n-
ienne, et newtonienne.
Ge´ome´trie et dioptrique au Xe sie`cle. Ibn Sahl, al-Quˆhıˆ et Ibn al-Haytham. By
Roshdi Rashed. Paris (Les Belles Lettres). 1993. cliv 1 315 (of which 230 are
double pages, text and facing translation) 1 vii p. 1,300 FF.
Reviewed by GE´RARD SIMON
Universite´ Charles de Gaulle (Lille III), France
In his preface, Roshdi Rashed justifies the title he has given this critical edition
and translation of various Arabic scientific texts (which are, with one exception,
editio princeps) in the following words: ‘‘This book is the fruit of two research
projects, developed in tandem over a long period of time. One was to trace the
destiny within Arabic optics of Ptolemy’s Optics, especially its fifth Book, devoted
to refraction; the other was to measure the impact of Archimedean and Apollonian
geometry on mathematical research, particularly during the tenth and eleventh
centuries. Though, at first sight, these two subjects appear independent, they re-
vealed themselves to be intimately linked’’ (p. ix). Indeed, from this period on, the
study of the convergence of a beam of reflected or refracted light rays toward a
point uses all that has been discovered about conics, leading Rashed to his double
enquiry on the histories of geometry and optics.
With the linkage of the two domains, there emerges the figure of a great mathema-
tician, who lived in the second half of the 10th century under the Buˆyid dynasty
at Baghdad and whose work has remained practically unknown: Ibn Sahl. This in
turn allows us to better understand the sources and the intellectual environment
from which Ibn al-Haytham—who belonged to the next generation, dying a little
after 1040—drew his inspiration and his problems. Though the latter was translated
and widely diffused in the Latin West of the 12th and 13th centuries under the
name of Alhazen, his true identity was only realized in 1822, a systematic study of
his work beginning in the 20th century. Too often underestimated even today, his
stature as an innovator in physics is similar to that of Kepler or Newton, particularly
in the domain of the theory of vision and the study of light. But he has appeared
up to now as somewhat isolated in the Near Eastern world of his time. Now, thanks
to the work of Rashed, a surprisingly rich intellectual and scientific context is
beginning to take shape.
The volume under review consists of five parts:
● Four chapters of introduction to the texts, discussing: (1) the beginnings of
dioptrics in the work of Ibn Sahl (last quarter of the 10th century); (2) its develop-
ment by Ibn al-Hayth (beginning of the 11th century) and al-Faˆrisıˆ (end of the
13th, beginning of the 14th century); (3) Ibn Sahl, mathematician; (4) the biographies
of the authors, the manuscripts and their filiation, and the norms of edition and
translation (85 pp.).
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● The text and translation of four treatises and minor works by Ibn Sahl: On
Burning Instruments (52 pp.), A Proof That the Celestial Sphere Is Not of an Extreme
Transparency (4 pp.), On the Properties of Three Conic Sections (8 pp.), and Com-
mentary to the Treatise on the Art of the Astrolabe by Abuˆ Sahl al-Quˆhıˆ (17 pp.).
● The text and translation of four studies on refraction in a glass or crystal sphere:
(1) two extracts of Book VII of Ibn al-Haytham’s Optics, one devoted to the visual
effects generated by concave and convex hemispherical refractive surfaces (21 pp.),
the other to those effects produced by a complete sphere through which one observes
an object (6 pp.); (2) also by Ibn al-Haytham, on the inflammatory effects of a
crystal ball or a spherical vase filled with water, the Treatise on the Burning Sphere
(5 pp.), followed by the commentary and modifications due to al-Faˆrisıˆ (22 pp.).
● Three appendices devoted to Ibn Sahl: The Book of the Synthesis of the Prob-
lems Analyzed by Ibn Sahl by an unknown author (39 pp.); a problem of geometry
by Ibn Sahl (1 p.); Treatise on the Art of the Astrolabe by Abuˆ Sahl al-Quˆhıˆ (40 pp.).
● Finally, another 40 pages of additional notes; an Arabic–French glossary; an
index of proper names, concepts, and citations; a bibliographical list of works cited;
and the Arabic version of the preface.
The book thus represents both a collection of primary documents and the historical
study they have inspired.
Certain parts of the historical section of the book have already been the object
of articles in specialized journals. Of all the Arabic language texts in the collection,
however, only al-Faˆrisıˆ’s commentary on Ibn al-Haytham has been previously
printed, in a nonscientific edition from Hyderabad with a free rendering into Ger-
man. There exists also a rather loose Latin version of Book VII of al-Haytham’s
Optics (Opticœ Thesaurus, Basel, 1572). Rashed has thus established all the texts
he presents on the basis of a direct use of the manuscript source(s) and he has
translated them into French.
At the outset he realized that though two of the manuscripts—one from Damas-
cus, the other from Teheran—had essentially the same title in the catalogues, they
were not duplicates but rather two different fragments of the same treatise, On
Burning Instruments, whose structure he was able to reconstitute. He immediately
seized the importance of his discovery; the work was a geometric investigation of
the focal points associated with near and far sources, not only of parabolic and
elliptic mirrors but also—a totally new and unsuspected development at so early
a date (around 985)—of planoconvex and equiconvex lenses. The interest of this
treatise has led Rashed to publish everything which might help in the reconstitution
of the scientific life of its author, Ibn Sahl, a figure almost as unknown to us as his
work. Hence the publication of all works which are clearly attributable to him, as
well as all contemporary texts by which one of his lost works can be indirectly known.
Rashed has added to these documents texts of Ibn al-Haytham and al-Faˆrisıˆ
dealing with spherical dioptrics, in order to permit the reader to follow the evolu-
tion of the study of refraction and to be in a position to judge both its level of
development—too often ignored by specialists in medieval and classical European
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science—and the destiny of a promising path which, opened by Ibn Sahl, closed
up immediately after him. Though Ibn al-Haytham and al-Faˆrisıˆ were better known
than Ibn Sahl, their works on this question have remained little studied and, if the
debt of Ibn al-Hayth to Ptolemy in optics was recognized, practically nothing was
known of his immediate Arab predecessors.
With Ibn Sahl there emerges a whole intellectual context, one of contemporary
exchanges of remarks and studies not only on conics and their applications to
optics, but also on projections, motivated by concern with improving the design of
astrolabes. We thus see a close link between advances in mathematical theory and
technical needs tied to the production of highly specialized scientific instruments—a
link already known in the field of gnomonics. Among these subjects of geometrical
research in the period from the 9th to the 12th century, many concern the quadrature
of curvilinear figures in the tradition of Archimedes or conic sections in the style
of Apollonius.
Ibn Sahl is situated in this scheme; if the loss of such works as that on the
quadrature of the parabola or on centers of gravity (known only by their titles)
has deprived us of his Archimedean dimension, Apollonian preoccupations are to
be found in his treatise on the mechanical construction of conics, tied to problems
touching the fabrication of burning instruments in optics. Moreover, in their writings
on the astrolabe, both Ibn Sahl and al-Quˆhıˆ represent a characteristic moment in
the progressive evolution which led to the formation of a new point of view in
geometry. The astrolabe—or at least its most elaborated part, the back—was des-
tined to play almost the role of a pocket armillary sphere, allowing the representa-
tion, in plane projection and with the aid of two discs which turned one on the
other, of the diurnal rotation of the celestial sphere with respect to the local sphere
of reference. In its classical version, the plane adopted for stereographic projection
was that parallel to the equator, with the south celestial pole serving as the pole
of projection. The work of al-Quˆhıˆ and Ibn Sahl reveals the lively interest of 10th
century mathematicians in systematic variation of all sorts of projections. Before
al-Bıˆruˆnıˆ they defined and studied cylindrical projections with directions parallel
or not to the axis of the sphere, as well as conic projections starting from a vertex
which belonged or did not belong to this axis. They thus contributed to the constitu-
tion of a field of research—transformation theory—which was not yet autonomous
in Hellenistic times.
Ibn Sahl’s work in optics will surprise the specialists who had not expected that
the ‘‘anaclastic problem,’’ a classical one in the 17th century, would have been
propounded at such an early date. Let us recall that the anaclastic problem is an
inverse problem; given a beam of light rays from a given source, by what combination
of refractive surfaces can one transform it into a pencil of rays satisfying certain
given conditions, e.g., that the rays be parallel, or converge toward a point? Ibn
Sahl explicitly poses this problem and, thanks to the use of conics, he is able to
push on to the study of lenses. It is important to point out, however, that at no
moment does he consider what one actually sees in the dispositions he describes
(we know nothing at all of what theory of vision he held) but only the foci (in the
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proper sense of the word—points at which the heat of the sun is concentrated)
associated with a given point source. For the first time burning instruments other
than mirrors are envisioned, though he advances the study of these latter as well,
in the tradition of Diocles, Anthemius of Tralles, and al-Kindi, that is, parabolic
mirrors for distant sources and elliptic mirrors for those nearby. A very innovative
addition is the idea of producing the same effects by means of refracting instruments.
He is thus led to define the existence of a quantity that, according to Rashed,
he considers characteristic of each of the two media traversed by light: the ‘‘degree
of transparency.’’ This arises in the several pages he devotes to a criticism of the
idea attributed to Ptolemy that the celestial sphere is absolutely transparent. To
measure the angles of deviation, Ibn Sahl postulates a constant ratio between the
degree of transparency of the crystal in which he proposes to cut his burning
instrument and that of air; and Rashed unambiguously proves that this ratio is
expressed by means of precisely the same elements which will be taken into account
in the 17th century by Willebrord Snell. We have thus a ‘‘Snell’s law’’ avant la
lettre, the quantity measured being in fact 1/n, the inverse of our index of refraction.
We will return to the questions posed by Rashed’s spectacular discovery, certainly
the most astonishing of the book.
Armed with this ratio, Ibn Sahl is able to rigourously reply to the question he
has set himself: How to obtain a burning point by refraction of a distant source on
the one hand and a near source on the other? And he describes two lenses, one
planoconvex, the other equiconvex. The first is formed by one plane face and one
face in the form of a hyperboloid of revolution; the second consists of two hyberbo-
loids with the same axis—equivalent to two lenses of the first sort glued plane face
against plane face. His demonstration, though rigorous, does not take into account
all possible cases but, in the case of the planoconvex lens, only that in which the
beam of rays, entering by the plane face, is parallel to the axis and in the case of
the equiconvex lens, that in which the pencil is emitted from the focus of one of
the faces. In both the cases treated, he obtains, of course, a point focus.
What is astonishing is that this remarkable advance of Ibn Sahl’s remained without
a sequel, or more exactly that the road he opened was to be partially abandoned.
Ibn al-Haytham, the first person to have conceived of light as a physical entity to
be explored experimentally and to have analyzed vision as the result of the entry
of light rays into the eye, causing the formation of a quasi-image (a purely sensorial
point-by-point reproduction) on the crystalline lens (and not on the retina, for that
one has to wait for Kepler), does indeed treat the question of refraction in all
generality, and first of all, for its effects on vision. But, perhaps as a result of this
emphasis on vision, he takes over from Ibn Sahl neither the idea of a constant
and characteristic ratio between the ‘‘transparencies’’ of the two media in which
refraction takes place and which permits the calculation of the angle of deviation,
nor the study of lenses. He restricts himself to spherical diopters, posing the ques-
tions: From which point objects, placed in a denser medium of spherical shape (first
the convex side, then the concave side being turned toward the eye), can light rays,
after refraction, reach the eye? Are there one or several such points? And what
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will the eye distinguish in them? To trace the path of the rays he uses angle
inequalities which he takes from Ptolemy’s tables of refraction and, despite several
errors, succeeds in showing the effects of what we today call spherical aberration.
This, in turn, leads him in the study of the crystal sphere—considered now as a
lens, with the source, the center of the sphere, and the eye all aligned on the same
axis—to predict that, in certain positions, a small black ball will be seen as a dark
ring and to verify it experimentally. Ibn al-Haytham is thus interested in two
elements between which he makes a most original connection, the origin of light
rays and their optical path between object and eye, and in what occurs or does not
occur in vision if there is more than one.
In his treatise on the burning sphere, posterior to the Optics and which has been
handed down to us together with al-Faˆrisıˆ’s critical analysis of it, Ibn-al-Haytham
presents us with an important complement to his previous study. This time he
considers the set of light rays parallel to the axis which fall on a transparent sphere
with the same angle of incidence. He proves that after two refractions they converge
toward a unique point—the focus associated with the incidence i. He can then,
using numerical approximations for the deviations, determine in which part of the
axis are to be found the maxima of the associated foci, that is, the points where
the burning sphere will have the maximum effect. It is precisely this quantitative
determination which, three centuries later, will be improved by al-Faˆrisıˆ, thanks to
a general analysis of the relation between the angles of incidence, refraction, and
deviation for the air–glass interface. Adopting the numerical values for incident
angles of 408 and 508 that he finds in Ptolemy, he obtains very good approximations
for the other angles by a method called ‘‘the arc of the difference,’’ a method which
Rashed succeeds in clearly elucidating thanks to a gloss in the manuscript. But all
this is, after all, only for the single air–glass interface and the result is simply a
better manner of constructing numerical tables for incident angles at 58 intervals.
We remain far from the promise of Ibn Sahl’s treatise with regard to the constancy
of an index characterizing any two media. Nonetheless, we must remember that
al-Faˆrisıˆ was able, thanks to this study, to give the first carefully quantified theory
of the rainbow, unlike the purely qualitative theory of his Western contemporary
Theodoric and more than three centuries before that of Descartes in his Dioptrique.
The harvest is thus rich and varied. Rashed’s translation is perfectly clear. As a
non-Arabic specialist I cannot judge its fidelity to the original, but the French text
seems quite reliable. His commentary sums up the geometric reasoning of the
authors under study and also gives a modernized mathematical transcription which
facilitates the comprehension of the text and allows a judgement as to its mathemati-
cal exactitude. We have already stressed the care he takes to historically situate
the texts he has chosen and to reveal their epistemological interest, all this with an
unfailing mastery and erudition.
A work of such dimension and technicality will inevitably cause some difficulties in
the reading. Certain of them might perhaps have been avoided. We have sometimes
experienced difficulty in finding the figures corresponding to Rashed’s commentary;
their numbering is not explained before page cliv, after almost 100 pages of intro-
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duction in which they are often referred to. To add to the confusion, certain
unnumbered figures actually form part of the commentary.
The necessity of retranscribing ancient texts in modern terms in order that they
may be understood presents, of course, well known risks, of which the major one
is conceptual anachronism. I cannot avoid wondering if, despite Rashed’s vigilance,
he would not have been well advised to briefly call the reader’s attention to the
fact that the very title he has chosen for the book refers to a modern point of view.
In antiquity ‘‘dioptrics’’ designated the art of constructing ‘‘diopters,’’ naked eye
sighting instruments. Refraction itself was considered, together with reflection, as
part of a science called ‘‘catoptrics,’’ which extended to the study of any object
which, like a mirror, broke the straight line character of visual or light rays. To my
knowledge, it was only in 1611 that Kepler, in his Dioptrice (see his preface in
Gesammelte Werke, vol. 4, Munich; Beck, 1941, p. 331), used the term to designate
specifically the study of refraction. This remark would be merely anecdotal if it
were not that it reveals the essential unity of Ibn Sahl’s treatise; the fabrication of
burning instruments, employing two species of the same genus—the deviation of
light rays. In the same direction, I wonder if it were necessary to go as far as to say
that, in treating spherical lenses, Ibn al-Haytham ‘‘discovers an important physical
property: aberration’’ (p. lxxi). Is it not necessary, to arrive at the full concept of
aberration, to first determine the conditions for a rigorous stigmatism of the image,
something that, once again, would not be done before Kepler? Between a first
approach to a phenomenon and its conceptual mastery, it is not unknown for
centuries to go by—which, of course, does not in any way detract from the historical
importance of determining the first approach and its date.
This line of thought should, it seems to me, be pursued with regard to the most
important discovery of Rashed, the uncovering of a 10th century text treating the
anaclastic problem using a figure and values in every way comparable to those
proposed by Snell to measure refraction and used to formulate his law (p. xxix–
xxxiv). Unfortunately, such a discussion would far exceed the limits of a simple
review and can thus only be sketched here. I am, for my part, quite in agreement
that the measure of the refractive deviation of a light ray in the hands of Ibn Sahl
is identical, both in form and content, to what will later be Snell’s Law; Rashed
has magisterially recognized and proven this not immediately evident fact. Ibn
Sahl’s work is indeed a brilliant anticipation, a level which will not be reached again
until the 1620s. But can one go so far as to say that ‘‘it is thus Snell’s Law, and
exactly the same as the latter conceived it’’ (p. xxxiii, my emphasis)?
I do not think so. The concept of a law of refraction implies that, whatever
be the media traveled through, there exists a constant ratio which comparatively
characterizes them and that this ratio will be valid for all angles of incidence and
all associated refractions; moreover it implies, if this constant is to be a physically
distinguishing characteristic, that it be experimentally determined. In his Dioptrique,
Descartes, for example, deduces from his law (which he considers as proven) a
simple experimental arrangement to measure the ratio of sines in air and in the
interposed refracting medium. He not only formulates the law, he shows how to
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apply it in practice, according to the material used. Ibn Sahl’s position is less clear.
It is true that his ‘‘degree of transparency’’ seems for him to be characteristic of a
given medium, but he proposes no means of measuring it. As Rashed says, he uses
a ‘‘postulated, but never calculated ratio’’ (p. xxxii) between glass and air. Nor
does he test it since, unlike the work of Ibn al-Haytham, his treatise remains in the
realm of pure geometry. Nor, in what we possess of his work, does he anywhere
explicitly extend his rule to other media; we do not know, therefore, if he under-
stands it to be both a universal and a distinctive physical constant. Moreover, to
return to the comparison with Snell, the latter dealt with the position of the image
of an object, while Ibn Sahl nowhere discusses vision. In short, the question of the
conceptual significance for Ibn Sahl of his discovery seems to me open. This is all
the more important as the path he opened closed up again almost immediately
afterwards. Certainly Rashed advances a number of valid reasons, in particular,
Ibn al-Haytham’s constant preoccupation with experimental verification, leading
him to the measurement of angular ratios, following Ptolemy, rather than line
ratios (p. lxviii–lxxv). But might not one also suspect that, with Ibn Sahl, the
measurement of refraction on the glass–air interface was not conceived as a special
case of a general rule? In any case, his contemporaries and immediate successors
seem not to have done so. The discussion, it seems to me, remains open.
To sum up: an indispensible book for all university libraries and every specialized
research center. It represents an important breakthrough in the editing of Arabic
scientific texts and in their analysis. And it is fresh data, providing much food
for thought.
